In everyday life, our body generates free radicals and other reactive oxygen species which are derived either from the endogenous metabolic processes (within the body) or from external sources. Many clinical and pharmacological studies suggest that natural antioxidants can prevent oxidative damage. Among the natural antioxidant products, Pycnogenol ® (French Pinus pinaster bark extract) has been received considerable attention because of its strong free radical-scavenging activity against reactive oxygen and nitrogen species. P. pinaster bark extract (PBE) contains polyphenolic compounds (these compounds consist of catechin, taxifolin, procyanidins of various chain lengths formed by catechin and epicatechin units, and phenolic acids) capable of producing diverse potentially protective effects against chronic and degenerative diseases. This herbal medication has been reported to have cardiovascular benefits, such as vasorelaxant activity, angiotensin-converting enzyme inhibiting activity, and the ability to enhance the microcirculation by increasing capillary permeability. Moreover, effects on the immune system and modulation of nitrogen monoxide metabolism have been reported. This article provides a brief overview of clinical studies describing the beneficial and health-promoting effects of PBE.
INTRODUCTION
Herbal supplements and remedies have been used around the world because of their beneficial effects on human health (1) . Pycnogenol ® , a standardized extract of the bark of the French P. pinaster (Pinus pinaster Ait. Subsp. atlantica), has been used worldwide as a herbal remedy, nutrition and supplemental food in many kinds of degenerative diseases. Bark extract of French P. pinaster has been reported to have cardiovascular and cholesterol lowering benefits, the ability to enhance microcirculation by increasing capillary permeability, significant free radical scavenging activity against reactive oxygen and nitrogen species, the potential to regenerate the ascorbyl radical and to protect endogenous vitamin E and glutathione from oxidative stress, and the potential to protect erythrocytes in G6PD deficiency (2) . It also protects the nerve cells against beta-amyloid, or glutamate induced toxicity, accelerates wound healing processes, reduces scar formation, decreases histamine release from mast cells, and inhibits pro-inflammatory cytokine actions (3, 4) . Anti-inflammatory effects in asthma patients and reduction of attention-deficit disorder and attention-deficit hyperactivity disorder symptoms in children have been observed (5, 6) . This article provides an overview of pharmacological and clinical studies indicating the pharmaceutical and nutraceutical effects of P. pinaster bark extract (PBE).
The specifications of PBE are described comprehensively in the USP 30-Dietary supplements (7) . PBE contains numerous phenolic compounds such as polyphenolic monomers, procyanidins, and phenolic acids (derivatives of benzoic and cinnamic acids) which have received considerable attentions because of their anti-inflammatory, antimutagenic, antimetastatic, anticarcinogenic, and high antioxidant activities (8, 9) . Proanthocyanidins are known as oligomeric proanthocyanidins or condensed tannins which represent a group of condensed flavan-3-ols, such as procyanidins, prodelphinidins and propelargonidins. They are mixtures of oligomers and polymers composed of flavan-3-ol units linked mainly through C4-C8 bond, but the C4-C6 linkage also exists. The most widely studied proanthocyanidins are based on flavan-3-ol (-)-epicatechin and (+)-catechin ( Fig. 1) . Procyanidins are biopolymers of catechin and epicatechin subunits with a chain length of up to dodecamers. Moreover, (epi)afzelechin or (epi)gallocatechin are the subunits of propelargonidin or prodelphinidin, respectively (10).
Antioxidant and free radical scavenging activities
Inactivation of the superoxide and hydroxyl radical, and inhibition of singlet oxygen formation are two important beneficial effects of PBE (9, (11) (12) (13) . PBE was reported to exert protective effects against lipid peroxidation, thiobarbituric acid reactive products generation, and oxidative hemolysis induced by peroxide hydrogen (14) . Furthermore, it prevents accumulation of oxidatively damaged proteins and may reduce the risk of several neurodegenerative diseases such as Parkinson's, Alzheimer's, and Huntington's diseases (15) . In vitro studies indicated that PBE inhibited peroxidation of low-density lipoprotein cholesterol (LDL), lipid peroxidation in phospholipid liposomes, lipid peroxidation caused by t-butylhydroperoxide, and UVB-induced lipid peroxidation in cells (12, 16, 17) .
Pycnogenol ® exhibited a concentrationdependent inhibition of oxidative burst triggered by zymosan in J774 murine macrophage and LDL oxidation. J774 is a murine macrophages cell line established from a tumor which arose in a female BALB/c mouse. Its growth is inhibited by dextran sulfate, purified protein derivative, and bacterial lipopolysaccharides. J774 cells have been used for numerous biological and biochemical investigations aimed at understanding the physiology of monocytesmacrophages. Pycnogenol ® also minimized the stand cleavage (measured by agarose gel electrophoresis) in pBR322 plasmid DNA caused by hydroxyl radicals produced by iron/ascorbic acid (18) . Plasmid vector pBR322, a well-established multipurpose cloning vector in laboratories worldwide, is designed and constructed for the efficient cloning and selection of recombinant DNA molecules in Escherichia coli (19, 20) . Pycnogenol ® showed synergetic antioxidant effects with vitamin C and E, and lutein for prevention of lipid peroxidation in liposome and porcine retinal homogenate, respectively (21, 22) .
The antioxidant and antiinflammatory effects of PBE have been proven by in vitro and in vivo studies and clinical trials summarized in Fig. 2 (2, 4, 9, 11, (23) (24) (25) (26) (27) .
Ahn and coworkers have investigated the putative antioxidant activity of PBE against CCl4-induced hepatic oxidative damage in Sprague-Dawley rats. A single oral dose of CCl 4 (1.25 mL/kg) produced significantly increased levels of serum aminotransferase and alanine aminotransferase activities, increased malondialdehyde concentration, reduced glutathione content, and decreased catalase, superoxide dismutase and glutathione -S-transferase activities in the hepatic tissues. Results of this study showed that administration of Pycnogenol ® (10 or 20 mg/kg) improved CCl 4 -induced hepatic injury, as evidenced by the decline of serum aminotransferase and alanine aminotransferase activities in a dose dependent manner, reduction of malondialdehyde concentration, Pharmaceutical and nutraceutical effects of... and enhancement of glutathione levels and catalase, superoxide dismutase and glutathione-S-transferase activities in hepatic tissues, indicating that administration of Pycnogenol ® efficiently prevents the CCl 4 -induced oxidative damage in rats (28) . In another study, after administration of Pycnogenol ® , the glutathione (GSH) and GSHdisulphide reductase (GSSG-R) ratio, the activities of endogenous antioxidant enzymes (SOD, CAT, GSH-Px, GSSG-R), and the activity of γ-glutamyl transpeptidase and enzyme in the pathway of glutathione synthesis were increased in streptozotocininduced diabetic rats (27) . Moreover, it was reported that the consumption of Pycnogenol ® alone or in combination with beta-carotene may lead to an increase in activity of GSSG-R. Decreased retinal γ-GT activity in diabetic rats and elevated activity of superoxide dismutase in diabetic retina due to the oxidative stress were normalized by Pycnogenol ® and betacarotene combination (29, 30) .
Polyphenols containing PBE were found to have scavenging activity against reactive oxygen and nitrogen species. Decreased nitrogen monoxide (NO) generation due to the scavenging activity against reactive oxygen species and NO, inhibition of iNOS activity, and inhibition of iNOS-mRNA expression were noticed. PBE was shown to have scavenging activities against reactive oxygen species in macrophages and blocks the activation of NF-kappaB and activator protein-1, and inhibits the expression of proinflammatory cytokine IL-1, vascular cell adhesion molecule-1 and intracellular adhesion molecule-1 (31) . It has also been reported that PBE inhibited TNF-α secretion, nuclear factor (NF)-kappaB-dependent gene expression, and MMP-9 release from lipopolysaccharidestimulated monocytes (mouse leukemic macrophage cell line, RAW 264.7) (32-34).
Anti-inflammatory effects
Several in vitro studies have revealed that PBE has anti-inflammatory effects and inhibits the initiation of inflammation by preventing the release of pro-inflammatory mediators regulated by oxidative stress. PBE inhibits the pro-inflammatory mediators in keratinocytes (epidermal cells), leukocytes, and endothelial cells (32, 35, 36) . Furthermore, an in vitro study has shown that PBE and its metabolites inhibit the release of tissue destroying enzymes (matrix metalloprotein-ases) collagenase, elastase, and gelatinase from inflammatory cells (33) . It has also reported that after oral intake of PBE, the enzymatic activity of Cyclo-oxygenase (COX-1 and COX-2) in serum samples of human volunteers was inhibited. Cyclo-oxygenase is responsible for formation of biological mediators, such as prostaglandins, prosta-cyclin, and thromboxane. Pharmacological Inhibition of this enzyme can provide relief from the symptoms of inflammation and pain (37) .
One of the major pro-oxidant challenge, exposure to UV radiation, may lead to the expression of many pro-inflammatory genes including tumor necrosis factor-α (TNF-α), IL-1 α, IL-1β, IL-8, and IL-6 (all these cytokines contain nuclear factor-kappaB binding sites in the 5 flanking region of their encoding gene) (2) . Application of Pycnogenol ® topically could be used for significant and dosedependent protection from solar-simulated UV radiation (SSUV)-induced acute inflammation, photo-carcinogenesis, and immune-suppression when applied after sunburn and daily irradiation (38) . In one study, 21 Caucasian volunteers received Pycnogenol ® (1.1 mg/kg body weight) orally. As a result, the protective effect of Pycnogenol ® against UV-light induced skin damages has been proven (32) . It was demonstrated that PBE suppressed the expression of pro-inflammatory cytokines and decreased the expression of mast cell related tryptase and stem cell factor (39) . The inhibition of NF-kappaB activation in lipopolysaccharide-stimulated monocytes is one of the reasons for anti-inflammatory effects of Pycnogenol ® (40) . PBE inhibited iNOS and iNOS-mRNA expression in murine macrophages, activated by the bacterial wall components lipopolysaccharide and interferon (INF-γ) (23) .
In the most industrialized countries, osteoarthritis of the main joints (severe bone and joint abnormalities) is a diffuse social problem affecting the quality of human lives. Among the herbal antioxidative supplement, Pycnogenol ® has beneficial effects on symptoms of osteoarthritis (41) (42) (43) . A doubleblind, placebo-controlled study reported that Pycnogenol ® lowered pain and stiffness and improved symptoms of knee osteoarthritis (flexibility of osteoarthritic joints) (41) .
Cardiovascular system
Zibadi and coworkers have reported that PBE resulted in improvement of type 2 diabetes controls and reduction of the risk factor of cardiovascular disease and antihypertensive medicine use in subjects with type 2 diabetes. In another study, they investigated the impact of Pycnogenol ® (30 mg/kg) on left ventricular function and myocardial extracellular matrix composition in old C57BL/6N mice following induction of cardiac remodeling by chronic nitric oxide synthase blockade by NG-nitro-L-arginine methyl ester (L-NAME) administration. Consequently, cardiac gene expression patterns for pro-MMP-2, -9, and -13, and MMP-9 activity were significantly decreased in L-NAME-exposed mice which was associated with a significant increase in cardiac tissue inhibitor of metalloproteinase (TIMP)-4 expression after using Pycnogenol ® (44,45). Consumption of Pycnogenol ® (100 mg over a period of 12 weeks) decreased endothelin-1 concentrations and increased the concentrations of 6-keto prostaglandin F1a in plasma. Therefore, use of polyphenols rich PBE could help to reduce the dose of the calcium antagonist nifedipine and to improve endothelial function of hypertensive patients (46). A randomized, double blind, placebo controlled, prospective, 16-week crossover study was conducted to determine the role of Pycnogenol ® (200 mg/day) in modifying blood pressure in mildly hypertensive patients. Significant decrease in serum thromboxane concentration and the systolic blood pressure was observed during Pycnogenol ® supplementation (47).
PBE was found to cause endotheliumdependent vaso-relaxation and protect against contractile responses to epinephrine and norepinephrine in intact isolated rat aortic rings due to an increase in production of NO by endothelial cells. Nitrogen monoxide has beneficial vaso-protective effects such as inhibition of platelet aggregation and platelet and leukocyte adhesion, decrease of lipid oxidation, and also reduction of vascular smooth muscle cell proliferation (48-51). Sivoòová and coworkers determined the fluidity of erythrocyte membrane using 1-[4-trimethyl -aminophenyl] -6 -phenyl-1,3,5 -hexatriene,1,6-diphenyl-1,3,5-hexatriene, and 12-(9-anthroyloxy) stearic acid fluorescence anisotropy. It was observed that after Pharmaceutical and nutraceutical effects of...
Pycnogenol
® action (50-300 µg/ml), the anisotropy values of TMA-DPH (N,N,NTrimethyl-4-(6-phenyl-1,3,5-hexatrien-1-yl) phenylammonium p-toluenesulfonate) and DPH were decreased in a dose-dependent manner compared with the untreated erythrocyte membranes. The results have shown that the fluidity of erythrocyte was increased predominantly at the membrane surface (14) . Araghi-niknam and coworkers reported that Pycnogenol ® (100-150 mg) reduced smoke-enhanced thromboxane B formation and the platelet aggregation in response to cigarette smoking in vivo (52).
Venous disorders
PBE showed preventive effects against edema during long flights. The assessment of flight-edema was performed by evaluating an analogue scale, the rate of ankle swelling by strain-gauge derived rate of ankle swelling, and by assessing the ankle circumference variation (53). PBE can also be used for prevention and treatment of chronic venous insufficiency (CVI) and related venocapillary disturbances. Chronic venous insufficiency causes venous hypertensive microangiopathy leading to venous ulcerations (54). PBE was effective in improvement of the legs heaviness and subcutaneous edema and in reduction of venous pressure in patients with CVI. These clinical effects of PBE might be due to the stabilizing the collagenous subendothelial basal membrane or scavenging the free radicals or by the combination of these activities (55) . A controlled comparative study on 40 patients with diagnosed CVI revealed that Pycnogenol ® (360 mg/day over a period of 4 weeks) reduced the circumference of the lower limbs and improved the symptoms of CVI (56) . Oral administration of Pycnogenol ® (150 mg/day) for 8 weeks in patients with severe venous hypertension (chronic venous insufficiency, ankle swelling) and history of venous ulcerations indicated a decrease in skin flux and capillary filtration, improvement in the level of microangiopathy and the symptomatic score; and reduction in edema (57) . Moreover, the results of the study on 16 patients with venous ulcerations (in the period of 6 weeks) indicated that oral and local treatment with Pycnogenol ® might have important role in improvement of venous ulcers (54). It was also reported that combined systemic and topical application of Pycnogenol ® could be used in order to treatment of diabetic ulcers (58) .
Edema is very common in hypertensive patients under treatment. Belcaro et al. have investigated the effects of oral consumption of Pycnogenol ® on adverse effects of antihypertensive drugs. As a result, Pycnogenol ® helped to prevent and reduce long-term damage in the microcirculation, to control edema, and to reduce the dose of antihypertensive drugs (e.g., Nifedipine) in hypertensive patients (59) .
Cholesterol lowering effects
Supplementation with PBE rich in polyphenols has favorable effects on two risk factors for coronary artery disease, i.e., reducing total cholesterol and LDL-cholesterol levels and increasing high-density lipoprotein (HDL)-cholesterol levels, resulting in a better atherosclerotic index (60) . It was reported that PBE increased plasma antioxidant capacity (determined by oxygen radical absorbance capacity) and altered plasma lipoprotein profile (especially, reduction of bad cholesterol LDL in human volunteers) (61) . The result of a randomized, double blind, placebo controlled study demonstrated that Pycnogenol ® significantly lowered LDL and increased HDL in 155 menopausal woman during a treatment period of 6 months (62). In another independent placebo study, significant increase of plasma antioxidant activity was observed after administration of Pycnogenol ® . The total cholesterol decreased from 5.41 to 4.98 mmol/L which was associated with a decrease in LDL-cholesterol levels from 3.33 to 2.78 mmol/L (60).
Diabetic syndrome
Pycnogenol ® was given in addition to diabetic and hypertensive medications may improve blood sugar and cardiovascular risk factors, and allow patients to lower antihypertensive medication (44). Nocun (63, 64) .
Results of a prospective, controlled study on patients with diabetic microangiopathy received oral Pycnogenol ® (150/day for 4 weeks) demonstrated that Pycnogenol ® was useful in reduction of diabetic microangiopathy, and in prevention of diabetic ulcerations by controlling the level of microangiopathy (65) . In addition, combined local and systemic application of Pycnogenol ® might help to improve the lower limb ulcers in patients with diabetic microangiopathy (58) .
Diabetes mellitus is an endocrine disorder, and its complications such as dyslipidemia (elevated levels of total cholesterol, LDL, and triglycerides and a low concentration of HDL) and hyperglycemia are a major cause of disability and hospitalization, posing a significant financial burden (66) . Chronic hyperglycemia of uncontrolled diabetes mellitus increases reactive oxygen species (oxidative stress) and decreases enzymatic antioxidant defenses responsible for retinopathy and cataract formation. This chronic disease may lead to microvascular pathologies, especially in the eye, kidney, and peripheral nerve (67) . Pycnogenol ® either alone or in combination with other antioxidants (e.g., beta-carotene and α-lipoic acid) have increased retinal glutathione peroxidase and glutathione reductase activities in diabetic animals, and can be used as an effective antioxidant and anti-hyperglycemic therapy for diabetic retinopathy caused by oxidative stress (29, 68) .
The findings of an in vitro study revealed that Pycnogenol ® increased the effects of other antioxidants such as Co-enzyme Q10 when combined together, and could be useful in order to protect retina of the eye from the damage caused by oxidative stress and free radicals (25, 69) .
Allergy and asthma
A randomized, placebo-controlled, doubleblind study on 60 subjects (6-18 years, in a period of 3 weeks) reported the significant efficacy of Pycnogenol ® in improvement of pulmonary functions and reduction of asthma symptoms in children (6) . A placebo-controlled, crossover study also indicated that Pycnogenol ® reduced asthma symptoms and might be a valuable nutraceutical in the management of chronic asthma (chronic eosinophilic bronchitis and inflammatory process in the lung) (70) . Sharma and coworkers reported that Pycnogenol ® inhibited the release of histamine from rat peritoneal mast cells and its inhibitory effects was favorably comparable to sodium cromoglycate (71) .
Menstrual disorders, pregnancy associated pain and endometriosis
A multicenter, randomized, double-blind, placebo-controlled study in four hospitals in Japan indicated that Pycnogenol ® significantly lowered menstrual pain and the quantity of required analgesic medication in dysmenorrhea (gynecological medical condition with severe uterine pain during menstruation) (72) . It was also reported that PBE reduced menstrual cramps, abdominal pain and tenderness in gynecological disorders such as endometriosis and dysmenorrhea, and could be used as a therapeutic alternative to gonadotropin releasing hormone agonist (Gn-RHa) in the treatment of endometriosis (73, 74) . A randomized, double-blind, placebo-controlled study indicated that Pycnogenol ® reduced climacteric symptoms without unwanted effects in peri-menopausal women (62) . Polyphenolic compounds rich PBE has beneficial effects in a series of painful conditions such as stiff shoulder, herniated disc, and pregnancy associated pain (lower back pain, hip joint pain, pain in the inguinal region, and pain due to varices or calf cramps) (75) . The analgesic and antispasmodic effects of medicinal herbs may have suitable effects on menstrual cramps and premenstrual syndrome (76) . Two polyphenolic components of PBE (caffeic and protocatechuic acids) have nonspecific antispasmodic action on smooth muscle in several organs of the rat. It seems that this antispasmodic effect may contribute in beneficial effects of PBE in premenstrual syndrome (77) .
Attention deficit hyperactivity disorder (ADHD)
Polyphenols rich extract like PBE reduces hyperactivity of children, catecholamine excretion, and oxidative stress (5, 78) . A randomized, double-blind, placebo controlled study on ADHD children indicated that the treatment with Pycnogenol ® caused decrease of dopamine and trend of adrenaline and noradrenaline decrease, and increased GSH/GSSG ratio (5). In another randomized, double-blind, placebo-controlled study, the influence of administered Pycnogenol ® or placebo on the level of reduced GSH and oxidized GSSG glutathione in children suffering from ADHD (the neurodevelopmental disorder with impulsivity, distractibility and hyperactivity) and on total antioxidant status were investigated. As a result, significant decrease in GSSG and increase in GSH levels, as well as improvement of GSH/GSSG ratio in comparison with placebo group were reported. Moreover, Pycnogenol ® improved the antioxidant status of ADHD children (79) . Chovanová and coworkers investigated the effect of polyphenolic extract of pine bark on the level of oxidized purines represented by 8-oxo-7, 8-dihydroguanine (8-oxoG) and on the total antioxidant status in children with attention deficit/hyperactivity disorder (80). They found that French PBE protected DNA against oxidation, normalized total antioxidant status and improved attention of ADHD children.
Antimicrobial and antiviral activity
PBE rich in procyanidins inhibited not only the binding of human immunodeficiency virus type-1 (HIV-1) to host cells but also inhibited HIV viral replication and T-cell interaction in cell culture experiments (81) . PBE was found to induce expression of an intracellular antioxidant protein and manganese superoxide dismutase, and inhibition of phosphorylation of the ribosomal S6 protein. It seems that these biochemical alterations induced by Pycnogenol ® play an important role in its antiviral effects. PBE is a promising agent for inhibi-tion of encephalomyocarditis viral replication, prevention of development of viral myocarditis, and improvement of inflammation and myocardial necrosis. It was reported that Pycnogenol ® (100 mg/kg) had beneficial effects on viral myocarditis by inhibition of viral replication and by suppression of proinflammatory cytokines, genes related to cardiac remodeling, and mast cell-related genes in the heart muscle of mice (gene expressions of tumor necrosis factor, type-1 procollagen, stem cell factor, and mast cell tryptase) (81, 82) .
PBE was shown to have antimicrobial activity against various pathogenic prokaryotes (gram negative and positive bacteria), and eukaryotes (fungi and yeasts) (83, 84 inhibited the growth of all tested microorganisms in minimum inhibitory dosages (MID) ranging from 20 to 250 µg/mL (84) .
CONCLUSION
PBE rich in polyphenolic compounds has been shown to cause endothelium-dependent vasorelaxation and decrease the amount of circulating inflammatory substances in the blood stream. Intake of PBE is useful in order to reduce the risk of heart disease and is effective in the treatment of chronic venous insufficiency and retinal micro-hemorrhages 8 venous disorders. Pycnogenol ® , a dietary antioxidant with low acute and chronic toxicity, can be used in order to ameliorate excessive oxidative stress in several cell systems by doubling the intracellular synthesis of anti-oxidative enzymes and by acting as a potent scavenger of free radicals. Furthermore, PBE plays an important role in the regeneration and protection of vitamin C and E.
Anti-inflammatory and antioxidant activities of PBE have been demonstrated in vitro and in vivo. PBE also protects the nerve cells against beta-amyloid, or glutamate induced toxicity and the erythrocytes in G6PD deficiency. Protection against UV-radiationinduced erythema, anti-inflammatory effects in asthma patients, and reduction of attentiondeficit disorder and ADHD symptoms in children have been reported in clinical studies following oral intake of Pycnogenol ® . Immunomodulation has been observed in both animal models and patients with Lupus erythematosus. Reduction of smoke-enhanced thromboxane B formation and platelet aggregation in response to cigarette smoking has also been reported. PBE inhibits angiotension-converting enzyme which is associated with a mild antihypertensive effect. Pycnogenol ® relieves menstrual abdominal pain which is attributed to the antispasmodic of some phenolic acids on smooth muscle. Results from pharmacological and clinical studies have demonstrated that PBE can be used as a source of natural antioxidants in the food and pharmaceutical industries. However, more investigations are needed to confirm and extend the previous observations. Previous studies suggested that bark extract obtained from P. brutia, P. nigra, P. sylvestris, and P. pinea which contained high amounts of polyphenolic compounds are potential alternatives to the French P. pinaster in dietary supplements, cosmetic products, and food/beverages. We demonstrated that Iranian P. pinaster and P. eldarica bark extract could be used as effective sources of polyphenolic compounds, especially catechin and taxifolin. Therefore, these two Iranian Pinus species other than French P. pinaster can also possess remarkable antioxidant activities, and might be potential alternatives for food and pharmaceutical applications. 
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